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 Abstract 
Virtual reality (VR) enables the real-time assessment of paranoid ideation and of associated social 
performance. In this two-phase study we aimed to recruit a general population sample to investigate 
the association between trait paranoia and cognitive, emotional and behavioural processes. In Phase 
1, a general population online survey (N=609) investigated how trait paranoia related to fear of negative 
evaluation, interpersonal sensitivity, social avoidance and distress, mood, and demographic 
characteristics. In Phase 2, we piloted a new VR social situation paradigm (a party in a bar) with a 
subsample of participants who scored high or low in trait paranoia. Eighty-nine participants entered the 
VR party in a bar scenario to evaluate the acceptability of the task and the relationship between paranoid 
ideation and social performance. As hypothesised, in Phase 1, trait paranoia was associated with fear 
of negative evaluation, social avoidance and distress, interpersonal sensitivity, mood, and 
demographics (all small-to-medium effects); in Phase 2, participants found the VR environment 
acceptable and immersive; exposure to the VR environment elicited a range of cognitive, affective, and 
behavioural components of social performance; and high trait paranoia participants reported higher 
state paranoia and greater negative components of social performance (all medium effects). The study 
tests a novel sample recruited predominantly online and validates the virtual environment for 
psychological assessment and treatment. This result suggests that the new VR scenario could be used 
as a psychological assessment and treatment tool for people who experience paranoia in social 
situations. 
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Introduction 
Paranoid ideation has been conceptualised as a cognitive response to the perception of interpersonal 
threat, and can be understood as comprising a spectrum of beliefs concerning ideas of reference and 
persecution and involving the thought that others intend harm, related to appraisals of changed and 
confusing experiences of anomalous internal states.1 Research shows that components of social 
performance, such as fear of negative evaluation,2 interpersonal sensitivity,3 and social avoidance and 
distress,4 are important indicators of an individual’s ability to initiate and enter into social interactions 
and are adversely affected in people with paranoid ideation.3-5,6 Indeed, people with high levels of 
paranoid ideation experience greater social defeat7 and can inhibit their interactions with others, 
experience greater isolation, and abandonment of activities.8 
Virtual reality (VR) offers a promising new way to research real-time paranoid ideation and 
components of social performance, by providing ecologically valid environments with modifiable 
environmental conditions.9-12 An important development of VR research for people with psychosis would 
be to examine the role of cognitive processes and the associated emotional and physiological 
responses that relate to social performance, within an immersive, interactive, multi-avatar environment 
that explicitly requires participants to engage in individual or group social interaction tasks in an overtly 
social setting.11 Furthermore, any newly designed VR environment will need to be validated as a 
measurement tool if it is to be used for psychological assessment. 
In the current study we aimed to address these needs: In Phase 1, using a general population 
survey, we aimed to investigate trait paranoia, its demographic correlates, and its associations with 
social performance. In Phase 2, our aims were to evaluate the acceptability of a new VR social 
environment; to validate the VR environment as a measure of state paranoia; and, controlling for 
baseline trait paranoid ideation, to test the relationship between state paranoia and social performance. 
Our aim was not to trigger paranoid ideation in participants but rather to evaluate whether high trait 
paranoia participants experienced higher state paranoia in a neutral VR environment, compared with 
lower trait paranoia participants. Our hypotheses were: 1) in Phase 1, trait paranoia would be associated 
with higher levels of fear of negative evaluation, interpersonal sensitivity, social avoidance and distress, 
depression, anxiety, and with demographic characteristics. 2) In Phase 2, exposure to the VR social 
scenario would be acceptable, immersive, and elicit paranoid ideation; 3) high trait paranoia would be 
associated with high state paranoia; and 4) high trait paranoia would be related to greater negative 
components of social performance in the VR social scenario.  
 
Methods 
Phase 1. Survey study 
Procedure 
This was a cross-sectional cohort study. Participants completed an online survey, advertised as a 
survey of ‘thoughts and feelings about social situations’. Survey instructions did not refer to paranoid 
ideation. Following Green et al.15, which used a similar methodology, we aimed to recruit a minimum of 
300 participants to ensure a representative spread of paranoia scores.  
 
Participants 
The online survey was open for two months. Participants (N=609) were working-age adults aged 18-
65, fluent English speakers, and willing to be invited to the VR Lab, in the event that they were selected 
for the Phase 2 VR study. Participants were excluded if they self-reported diagnosis of a serious mental 
health condition (psychosis/bipolar disorder), a neurological disorder, learning disability, or epilepsy. 
The study was advertised predominantly online, using social media, emails, Internet forums, and mailing 
lists; and flyers were distributed in South-East London. Participants were entered into a prize draw to 
win 4×£25 shopping vouchers. 
 
Measures 
Participants self-reported demographic characteristics and completed The Green et al. Paranoid 
Thoughts Scales (GPTS), which measures trait paranoid ideation.15 GPTS consists of 32 items 
measured on a 5-point scale, from 1 (‘Not at all’) to 5 (‘Totally’), referring to the past month, with a 
minimum score of 16 and a maximum score of 160. Parts A and B of GPTS each consist of 16 items 
that measure ideas of reference (GPTSREF) and ideas of persecution (GPTSPERS), respectively. In 
addition, participants completed the Social Avoidance and Distress scale (SAD), which measures state 
and trait social avoidance and distress;4 the Brief Fear of Negative Evaluation scale (BFNE), which 
measures apprehension of being negatively evaluated by other people;2 the Interpersonal Sensitivity 
Scale (IPSM), which measures interpersonal sensitivity;3 the Patient Health Questionnaire-8 (PHQ8), 
which measures depression;16 and the Generalised Anxiety Disorder 7 (GAD7), which measures 
generalised anxiety.17  
 
Phase 2. Virtual reality study 
Procedure 
This was a cross-sectional comparison study with an experimental manipulation. Following Green et 
al,15 we aimed to recruit a subsample of at least 70 participants from Phase 1: 35 participants with high 
paranoid ideation and 35 participants with low paranoid ideation. After exposure to a VR social scenario, 
participants of high and low trait paranoid ideation were compared to establish levels of state paranoid 
ideation and components of social performance.  
 
Participants 
Two approximately equal subsamples of participants who demonstrated high (≥85th percentile) or low 
(≤15th percentile) trait paranoia (GPTSTOTAL) were identified from Phase 1 participants. A random 35 
participants from each subsample were invited by email to participate. If participants declined or did not 
respond within two weeks, reserve list participants were invited to replace initial invitees, until 
recruitment goals were achieved. Participants were paid £10. 
A calculation of GPTS scores from Phase 1 identified 96 eligible participants (mean 
GPTSTOTAL=86.35) from a high paranoia subsample (≥85th percentile), and 100 eligible participants 
(mean GPTSTOTAL=32.44) from a low paranoia subsample (≤15th percentile). Researchers and 
participants were blind to group status. Participant number lists for the high paranoia sample and low 
paranoia sample were each randomised by researchers SR and CE using Microsoft Excel. Two random 
samples of 35 participants from both the high paranoia sample and low paranoia sample, along with 
accompanying reserve lists, were identified to be invited for the VR task. The two sets of 35 participant 
numbers were then combined and randomised to make a list of 70 participants. Participant identity and 
contact details were only revealed to researchers conducting Phase 2 data collection once the 
combined subsamples had been randomised. All mean group differences were statistically significant 
with large effect sizes. During recruitment, all 96 high paranoia subsample participants and 74 of the 
100 low paranoia subsample participants were invited for the VR task. An initial pilot phase with twelve 
participants (8 high paranoia, 4 low paranoia) led to minor modifications of the VR audio in which some 
negative background stimuli was reduced. Pilot data were not included in the analysis. Thirty-seven 
participants with high paranoia and 40 with low paranoia entered into the VR task. One high paranoia 
participant dropped out during the task. Figure 1 demonstrates how eligible participants were recruited 
from Phase 1 and participated in Phase 2.  
 
-- Figure 1 -- 
 
Virtual reality environment and apparatus 
Participants wore an Oculus Rift Developer version 2 head-mounted display, with noise cancelling 
headphones, and moved in the VR with a combination of Xbox control pad and by physically turning 
their body direction. The virtual social scenario was a party in a bar-room (Figure 2), lasting 
approximately 5 minutes, where computer-programmed virtual agents interacted with the participant. 
Participants were initially in a street and invited to look around the street, using the joypad to move 
themselves forward to a mark on the ground. This part of the task served as a demo for participants to 
familiarise themselves with the environment and controls. Participants were directed to a bar that they 
were to enter and then instructed to walk through the bar according to marks on the ground. The bar 
was populated by female and male avatars that appeared to be in their twenties or thirties, and 
represented various ethnicities. Background audio played throughout and included ambiguous stimuli 
with positive (‘he/she’s so nice!’), negative (‘what a loser!’), or neutral interpretations (‘what a joke!’). 
Following previous research, participants were specifically given the following instruction: ‘While you 
are in the bar please try to get an impression of what the people in the bar think about you and what 
you think about them. If someone asks you a question, try to reply to them.’7 In the bar, participants 
engaged in one individual greeting with the host of the party who invited them to meet the other guests 
and had four brief group interactions that could be interpreted as positive, mildly negative, or neutral. 
The initial greeting with the host and the final conversation both had an interactive component where 
participants were invited to speak out loud in response to questions they were asked by avatars in the 
VR. At the initial greeting, participants were invited to introduce themselves and then avatars in the pub 
turned towards them and greeted them in return. The second and third interactions could be interpreted 
as neutral or mildly negative insofar as avatars did not respond positively to participants. At the final 
conversation, which could be interpreted as positive, participants were invited to a table by a male 
avatar. Once at the table, a female avatar asked the participant what their favourite television program 
was and asked them to tell her about it. Participant reactions to each specific interaction were not 
measured.  
 
-- Figure 2 -- 
 
Measures 
Pre-VR, state paranoid ideation was measured with the State Paranoia Measure (SPM)18; stress, 
anxiety, sadness, and happiness were measured with Visual Analogue Scales (VAS) on a 10-point 
scale; and heart rate was measured using a finger pulse oximeter. Post-VR, SPM, heart rate, and 
baseline VAS were repeated; immersion, or sense of presence (the impression of ‘being there’ in the 
virtual environment), was measured with a VAS and the Slater-Usoh-Steed Sense of Presence 
Questionnaire (SUS) modified to our VR scenario;19 state social paranoid ideation about the virtual 
environment and avatars was measured with the State Social Paranoia Scale (SSPS) subscales, which 
examine persecutory (SSPSPERS), neutral (SSPSNEU), and positive ideation (SSPSPOS) about avatars;20 
additional VAS on a 10-point scale measured situation-specific paranoid ideation, friendliness of other 
people, neutrality of other people, hostility of other people, anxiety in the social situation, desire to avoid 
social interaction (these two items measured social avoidance and distress and were modified from two 
SAD items), fear that other people would disapprove, worries of saying or doing the wrong thing (these 
two items measured fear of negative evaluation and were modified from two BFNE items), how 
positively or negatively other people were thinking, and enjoyment. Previous VR use and computer 
gaming regularity were recorded as potential confounders: participants were asked if they had used VR 
before and if they played computer games regularly. A ‘yes’ or ‘no’ answer was recorded.  
 
Analysis 
All analyses were conducted using SPSS v22 (Chicago, USA). Internal reliability of scales was 
calculated using Cronbach’s α. As GPTS data were not normally distributed, Spearman’s correlation 
coefficient was used for all correlation analyses. Demographic differences between VR groups were 
calculated using chi-square tests for categorical data or independent samples t-tests for continuous 
data. Independent samples t-tests were used to test mean differences between groups. Paired samples 
t-tests were used to test mean differences within the whole group between two time points. Effect sizes 
(Cohen’s d) for independent samples t-tests were calculated using t-values and degrees of freedom, 
and for paired samples t-tests were calculated using means and standard deviations. Effect sizes were 
measured at thresholds of .1 (small), .3 (medium), and .5 (large).21  
 
Results 
Phase 1. Survey study 
Table 1 reports demographic characteristics and mean (SD, range) of measures. All scales and 
subscales demonstrated adequate internal consistency (αs<.88). Table 2 reports associations between 
paranoid ideation and social performance. Table 3 reports that paranoid ideation is related to education 
level and relationship status, although not to age (comparing ≤35and >35years of age), gender, or 
ethnicity (comparing White to Black and other Minorities).  
 
-- Tables 1, 2 and 3 -- 
 
Phase 2. Virtual reality study 
Thirty-seven participants with high paranoia and 40 with low paranoia were entered into VR, as reported 
above. Trait paranoia scores for VR participants were significantly different between high (mean 
GPTSTOTAL=81.08) and low (mean GPTSTOTAL=32.53) paranoia groups. All scales and subscales 
demonstrated adequate internal consistency for the total sample (αs>.7), apart from SPM which 
demonstrated low internal consistency for the low paranoia group pre- (α=.191) and post-VR (α=.417). 
Table 4 reports that group differences for gender, ethnicity, and employment status, way of finding out 
about the study (online/offline), and previous VR and gaming experience were not statistically 
significant; whereas group differences for age, education, and relationship status were statistically 
significant.  
Independent-samples t-tests compared mean sense of presence and enjoyment scores 
between groups. Table 4 reports that sense of presence and enjoyment were at acceptable levels; 
scores were comparable with the original SUS study.22 Group differences were not statistically 
significant. Paired-samples t-tests compared pre-VR and post-VR mean VAS scores and heart rate for 
the whole sample. Table 5 reports that the VR task elicited a statistically significant change in stress 
(medium effect), anxiety (large effect), sadness (small effect), and heart rate (small effect) for the whole 
sample.  
An independent-samples t-test compared mean pre-VR SPM scores between groups to 
evaluate validity of groupings. There was a significant mean difference between high paranoia group 
(10.47, SD 6.25) and low paranoia group in their pre-VR state paranoia (6.15, SD .483); t(74)=4.363, 
p<.01. Independent-samples t-tests compared mean post-VR state paranoia scores between high and 
low paranoia groups. Table 4 reports that, post-VR, the high paranoia group were significantly higher 
in state paranoia (SPM), and state paranoia specifically about the virtual social scenario and avatars 
(SSPS) when compared with the low paranoia group (medium effects).  
Independent-samples tests were conducted to compare post-VR fear of negative evaluation 
and social avoidance and distress mean scores between groups. Table 4 reports that the high paranoia 
group were significantly more socially avoidant, more concerned about others’ disapproval, and more 
concerned with saying something wrong (medium effects). Group differences in appraisals of 
friendliness, neutrality, and hostility of avatars, and of social anxiety were not significant.  
 
-- Tables 4 and 5 --  
 
Discussion  
Trait paranoia and its associations with social performance 
In line with our first hypothesis, trait paranoia was associated with higher levels of fear of self-reported 
negative evaluation, interpersonal sensitivity, social avoidance and distress, mood, and with 
demographic characteristics.  
Our survey findings of correlations between trait paranoia and components of social performance were 
consistent with previous reports in clinical and non-clinical populations. However, our analysis of 
demographic characteristics does not replicate results, in showing higher paranoia in males23, nor show 
higher paranoia in the younger age group (≤35), which research demonstrates is a group typically more 
‘at-risk’  of developing serious mental health conditions, such as psychosis.24 Survey participants 
ranged across the working age lifespan but were not totally representative of it in that they were 
predominantly younger adults, female, and of white ethnicity; half were in fulltime employment and just 
over two thirds were students; just over half were in a relationship. The survey sample incurs similar 
limitations highlighted in previous general population studies of paranoid ideation, insofar as directions 
of effect cannot be substantiated and associations could be a consequence of unmeasured variables.25 
Our recruitment employed convenience sampling, disproportionately targeting South-East London and 
those affiliated with the university. The younger age and high prevalence of females is noteworthy and 
the sample may be disproportionally interested in VR when compared with the general population.  
Trait paranoia (mean GPTS) was markedly similar to Green et al15 non-clinical sample, which 
used university students and employees recruited by email rather than the predominantly online sample 
used in this study. One can tentatively conclude that paranoid ideation in our sample is likely to be 
broadly representative of the general population, noting we largely used online recruitment and not the 
predominately student sample used by previous studies.15,26 However, mean GPTSPERS and GPTSTOTAL 
in our high paranoia sample were markedly lower than scores for the same scale and subscale in Green 
et al15. Our high paranoia sample was comparable to a clinical sample in ideas of reference but less 
comparable in persecutory beliefs. Nevertheless, given the very wide range of scores in our high 
paranoia group, we note that at the higher end there is overlap with clinical scores, suggesting that it  is 
a partial comparator to a clinical sample. 
 
Acceptability and validity of new VR environment to assess real-time paranoid ideation 
Our participants found the newly designed VR environment acceptable and immersive. No adverse 
effects were reported. A small minority of participants reported mild, brief cybersickness, a well-known 
phenomenon found in previous studies.27 Overall, while our VR task elicited mild stress and anxiety, 
albeit with low baselines, effects on sadness were small, happiness was unaffected, and enjoyment 
was at a moderate-to-high level; therefore demonstrating the acceptability and feasibility of using this 
environment for assessment and treatment. 
As hypothesised, higher trait paranoia was associated with higher state paranoia and greater 
negative components of social performance in the VR social scenario. The post-VR group differences 
in SSPS scores supports our conclusion that the high paranoia group experienced greater state 
paranoia about the VR environment than the low  paranoia group. These results were not confounded 
by greater familiarity with VR or computer games in either group.  
The VR environment was therefore shown to be valid for measuring paranoid ideation and 
social performance by replicating Phase 1 associations of high trait paranoia with both high state 
paranoia and greater negative appraisals of social performance. This result builds on previous research 
which demonstrates measurement of the relationship between paranoia and environmental stress in 
VR environments28,30 but, in this study, validates a new immersive, interactive, multi-avatar bar-room 
environment and targets specific components of social performance known to be associated with 
paranoia.  
 
Strengths and limitations 
A strength of the study is that it explores the link between paranoid ideation and social performance in 
an ecologically valid VR environment, which has the potential to be manipulated experimentally and 
used therapeutically in personalised treatments.11 The VR study controlled for potential confounders, 
such as group differences in gender, ethnicity, employment status, social anxiety, way of finding out 
about the study, and previous VR or gaming experience. Statistically significant group differences in 
age, education, and relationship status may have contributed to effects on social performance and 
paranoid ideation. Methodological limitations include lack of power calculation to determine sample 
size. A posthoc power analysis revealed that with the recruited sample size of 37 and 40 respectively 
we had 80% power to detect differences between two groups with moderate to large effect sizes 
(d=0.65) at alpha=0.05. Non-significant results are therefore difficult to interpret in that we might have 
lacked power to detect effects which were present. Technological limitations precluded the opportunity 
to explore systematically, and in real-time, the impact of environmental and behavioural characteristics 
on paranoid ideation, e.g. it was not possible to individually evaluate each interaction or participant 
behaviour, engagement, or eye gaze within the VR task. We were limited to pre-/post- measurement.  
 
Conclusions 
This study demonstrates the safe and effective use of a new VR social scenario for the assessment of 
people who experience high paranoid ideation in social situations, and validates the virtual environment 
for use with existing psychometric tools.  
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Figure legends 
Figure 1. Phase 2 (virtual reality study) recruitment process 
Figure 2. Screenshot of virtual bar environment. The VR scenario was commissioned by King’s 
College London, designed by software company Virtualware, using the Unity software platform, and 
ran on an Alienware PC. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Study 2 recruitment and data collection process 
 
Online survey 
N=609 
Mean GPTS=48.22 
High paranoia sample identified 
 GPTS ≥85th%ile: N=96 
Mean GPTS=86.35 (SD 20.035, 
range 64-152) 
Low paranoia sample identified 
GPTS ≤15th%ile: N=100 
Mean GPTS=32.44 (SD .499, range 
32-33) 
VR study random order invitation 
96/96 invited 
VR study random order invitation 
74/100 invited 
VR pilot phase 
N=8; VR modified 
VR pilot phase 
N=4; VR modified 
VR high paranoia group 
N=37* 
Mean GPTS=81.08 (SD 
18.433, range 64-152) 
*1 did not complete task 
VR low paranoia group 
N=40 
Mean GPTS=32.53 (SD 
.506, range 32-33) 
Did not opt in 
N=51 
28 did not reply to 
invitation, 14 
withdrew from study 
(reasons: too far to 
travel=7; unwell=1; 
insufficient time=1; 
not interested=1; 
insufficient 
payment=1; no 
reason given=3); 8 
booked to attend but 
cancelled or did not 
attend; 1 could not 
be seen by 
researchers during 
data collection 
period 
Did not opt in 
N=30 
19 did not reply to 
invitation, 8 
withdrew from 
study (reasons: 
insufficient 
time=4; too far to 
travel=2; no 
reason given=2); 
3 booked to 
attend but 
cancelled or did 
not attend  

Table 1. Phase 1 (survey study) demographic characteristics and summary of scores 
 N=609 
Age (years) Mean (SD, range) 
 29.33 (9.24, 18-65) 
Gender N (%) 
     Male 166 (27.3) 
     Female 439 (72.1) 
     Other 4 (0.7) 
Ethnicity  
     Asian/Asian British 67 (11) 
     Black African/Caribbean/British 19 (3.1) 
     White 463 (76) 
     Mixed/Multiple ethnic groups 30 (4.9) 
     Other 30 (4.9) 
Education  
     No formal qualifications 1 (0.2) 
     O-Levels, GC(S)Es 15 (2.5) 
     AS-, A-levels, (G)NVQ 124 (20.4) 
     Undergraduate degree 219 (36) 
     Master’s degree 181 (29.7) 
     Doctorate 69 (11.3) 
Employment  
     Student 226 (37.1) 
     Full-time paid 298 (48.9) 
     Part-time paid 47 (7.7) 
     Full-time unpaid 3 (0.5) 
     Part-time unpaid 5 (0.8) 
     Unemployed 18 (3) 
     Other 12 (2) 
Relationship/marital status  
     Single 225 (41) 
     In relationship, not cohabiting 112 (18.4) 
     Cohabiting 127 (20.9) 
     Married 95 (15.6) 
     Separated 3 (0.5) 
     Divorced 8 (1.3) 
     Widowed 2 (0.3) 
     Other 7 (1.1) 
Living arrangements  
     Live with parents 65 (10.7) 
     House/flat owner 156 (25.6) 
     Renting house/flat 223 (36.6) 
     Renting bedsit 9 (1.5) 
     Renting room in house share 134 (22) 
     Staying in hostel 12 (2) 
     Homeless 1 (0.2) 
     Other  9 (1.5) 
GPTSREF  27.60 (11.724, 16-78) 
GPTSPERS  20.62 (9.768, 16-75)  
GPTSTOTAL  48.22 (19.84, 32-152) 
SAD 9.05 (6.90, 0-28) 
BFNE 38.92 (10.527, 12-60) 
ISPM 95.13 (14.84, 53-132) 
PHQ8 5.66 (5.04, 0-24) 
GAD7 5.05 (4.79, 0-21) 
Note: GPTSTOTAL=Green Paranoid Thought Scales; GPTSREF=ideas of reference; GPTSPERS=ideas of persecution; SAD: social  
avoidance and distress; BFNE: Brief fear of negative evaluation; IPSM=Interpersonal Sensitivity Scale; PHQ8=Patient Health 
Questionnaire-8; GAD7=Generalised Anxiety Disorder 7. 
 
  
 
Table 2. Phase 1 (survey study) associations between paranoid ideation and components of social 
performance 
 GPTSREF GPTSPERS GPTSTOTAL SAD BFNE ISPM PHQ8 GAD7 
GPTSREF - - - - - - - - 
GPTSPERS .686* - - - - - - - 
GPTSTOTAL .981* .786* - - - - - - 
SAD .335* .219* .325* - - - - - 
BFNE .352* .158* .328* .457* - - - - 
ISPM .424* .257* .417* .459* .751* - - - 
PHQ8 .512* .369* .512* .488* .443* .526* - - 
GAD7 .499* .380* .496* .485* .510* .572* .786* - 
*Correlation rs is significant at the .01 level (1-tailed). Note: GPTSTOTAL=Green Paranoid Thought Scales; GPTSREF=ideas of reference; 
GPTSPERS=ideas of persecution; SAD: social avoidance and distress; BFNE: Brief fear of negative evaluation; IPSM=Interpersonal  
Sensitivity Scale; PHQ8=Patient Health Questionnaire-8; GAD7=Generalised Anxiety Disorder 7. 
 
 
Table 3. Phase 1 (survey study) paranoid ideation and demographic characteristics 
 N GPTSTOTAL Test p Effect 
  Mean (SD, range)    
Age      
     ≤35 503 48.18 (18.74, 32-152) t(607)=.115 .91 - 
     >35 106 48.42 (24.49, 32-133)    
Gender      
     Male 166 50.42 (21.61, 32-133)  t(603)=1.642 .10 - 
     Female 439 47.45 (19.15, 32-152)    
Ethnicity      
     White 463 47.42 (19.759, 32-152) t(607)=1.788 .07 - 
     BAME 146 50.78 (19.933, 32-128)    
Education level      
     Non-graduate 140 54.42 (22.327, 32-129) t(607)=4.273 <.0001 .391 
     Graduate 469 46.37 (18.661, 32-152)    
Relationship status      
     In relationship  334 46.56 (19.531, 32-133) t(607)=2.286 <.05 .186 
     Not in relationship 275 50.24 (20.051, 32-152)    
Note: GPTSTOTAL=Green Paranoid Thought Scales; BAME=Black, Asian & Minority Ethnic. 
 
 Table 4. Phase 2 (virtual reality study) baseline paranoid ideation, demographic characteristics, and post-virtual reality task outcomes  
 Total sample N=76 High paranoia group N=36 Low paranoia group N=40 Test p Effect 
  Mean (SD, range)     
GPTSTOTAL - 81.08 (18.433, 64-152) 32.53 (.506, 32-33) t(74)=16.666 <.001 .89 
Age (years) - 28.86 (9.84, 18-54) 33.78 (11.04, 24-65) t(74)=-2.039 <.05 - 
Gender  N (%)     
     Male - 13 (36.1) 14 (35) X2(1)=.0102 .9195 - 
     Female - 23 (63.9) 26 (65)    
Ethnicity       
     White - 29 (80.6) 36 (90) X2(1)=1.3653 .243 - 
     Black and minority ethnic - 7 (19.4) 4 (10)    
Education level       
     Secondary/higher education - 10 (27.8) 3 (7.5) X2(1)=14.084 <.0001 - 
     Undergraduate degree - 16 (44.4) 9 (22.5)    
     Postgraduate degree(s) -  10 (27.8) 28 (70)    
Employment status       
     Student - 14 (38.9) 9 (22.5) X2(1)=5.3073  .070 - 
     In paid employment - 17 (47.2) 29 (72.5)    
     Unpaid/unemployed - 5 (13.9) 2 (5)    
Relationship status       
     In a relationship  - 14 (38.9) 27 (67.5) X2(1)=6.243 <.05 - 
     Not in a relationship - 22 (61.1) 13 (32.5)    
 Mean (SD)      
SUS1 4.53 (1.519) 4.61 (1.536) 4.45 (1.518) -  - 
SUS2 3.93 (1.636) 4.03 (1.748) 3.85 (1.545) -  - 
SUS3 4.20 (1.862) 4.19 (1.704) 4.20 (2.015) -  - 
SUS4 4.34 (1.694) 4.33 (1.690) 4.35 (1.718) -  - 
SUS5 4.45 (1.587) 4.42 (1.610) 4.48 (1.585) -  - 
SUS6 3.76 (1.607) 3.81 (1.653) 3.73 (1.585) -  - 
SUSTOTAL 25.21 (8.021) 25.39 (7.980) 25.05 (8.155) t(74)=.183 .856 - 
SPM - 10.39 (6.33) 6.43 (1.43) t(74)=3.855  <.001 .41 
SSPSPERS - 21.19 (8.998) 14.35 (5.137) t(74)=4.124 <.001 .43   
SSPSPOS - 12.67 (2.859) 15.35 (3.80) t(74)=-3.448 <.001 .37 
SSPSNEU - 10.92 (3.842) 11.40 (3.727) t(74)=-.556 .58 - 
VAS       
Presence  6.09 (2.39) 6.17 (2.274) 6.03 (2.516) t(74)=.256 .798 - 
Enjoyment 6.91 (2.246) 6.64 (2.016) 7.15 (2.434) t(74)=-.99 .325 - 
Paranoia - 4.78 (2.474) 2.7 (1.757) t(74)=4.253 <.001 .44 
Friendliness of people - 3.78 (1.681) 3.98 (1.527) t(74)=-.543 .589 .06 
 
Table 5. Phase 2 (virtual reality study) pre- and post-virtual reality mood and heart rate  
 Pre-VR Post-VR Test p Effect 
 Mean (SD)     
Stress VAS 2.57 (1.644) 3.30 (1.987) t(75)=-3.499 <.001 .40 
Anxiety VAS 2.42 (1.56) 3.43 (2.15) t(75)=-4.809 <.001 .52 
Sadness VAS 1.79 (1.236) 2.01 (1.669) t(75)=-2.06 <.05 .15 
Happiness VAS 5.82 (2.108) 5.45 (2.241) t(75)=-1.746 .085 - 
Heart rate 83.55 (15.431) 86.76 (16.55) t(75)=-2.131 <.05 .20 
Note: VAS=visual analogue scales; all p-values 2-tailed 
 
 
